Available accessibility guidelines do not necessarily guarantee usable Web sites, particularly when specific groups of users with special needs are considered. We have identified 15 Web design criteria aiming to provide integrated support of accessibility and usability for vision-impaired users. In this article, we present the results of a study investigating whether the application of such guidelines for vision-impaired users can actually improve their task performance when accessing Web applications. We report on two user tests, both involving vision-impaired users, that aim to provide empirical validation of the design criteria. During each test, users had to access and navigate two versions of a Web site, one version supporting the selected design criteria and one obtained with traditional techniques. Our results indicate that the 15 design criteria improved Web site usability both quantitatively and qualitatively by reducing the navigation time needed to perform the assigned tasks and by making the Web sites easier to navigate for blind and low-vision users.
INTRODUCTION
In recent years, the interest in accessibility and usability issues has increased. In fact, the use of Web sites has been growing, and the number of users accessing them is steadily increasing. For this reason, it is important that the information be easily reachable by all, including people with disabilities. Moreover, for some user categories (e.g., blind users), the Web is one of the main sources of useful information about educational or cultural purposes. The difficulties in providing such universal access can be addressed through the application of usability and accessibility principles. Accessibility is aimed specifically at making Web sites more available to a wider population of users (including special categories) by removing the technical barriers that prevent access to the information included in the site. To this end a number of initiatives at governmental level (such as the We thank to Ivan Norscia for help in improving the article presentation, Marzia Bandoni for her contribution to one of the two tests, and all people who participated in the user testing.
Correspondence should be addressed to Barbara Leporini, ISTI-C.N.R., 56124, Pisa Italy. E-mail: barbara.leporini@isti.cnr.it Section 508) and standardization level (such as the Web Accessibility Initiative [WAI] of the World Wide Web Consortium [W3C]) have been undertaken to stimulate awareness of such issues in Web interface developers and service providers. Both W3C guidelines and Section 508 standards consider mainly accessibility issues to define the general principles to be followed for removing technical barriers that might prevent the access to information. Thus, the main goal considered is the information access, whereas navigation easiness or simplicity of use is not specifically addressed.
However, accessibility alone is not enough. Usability aspects need to be addressed as well. Indeed, accessibility and usability are frequently addressed as two separate issues, but disabled users need to have both accessible and usable applications. In fact, accessibility and usability are two intertwined aspects of Web site interaction, and if they are not properly integrated, Web sites can turn out to be either accessible but barely usable or usable but barely accessible. In both cases Web site navigation by disabled users is likely to be seriously compromised, because they either may not be able to access the desired information (i.e., it is not accessible) or may find difficulty in arriving at what they need (in this case it is not usable).
Our research has focused on the navigational problems encountered by blind/low-vision users. To this end, we have identified a set of criteria for design and evaluation of Web sites to make online services easier to use for visionimpaired users, who navigate through screen readers or magnifying programs. To bridge the gap between visual layout and aural perception, we have identified a specific set of criteria for improving interaction when using special devices (i.e., screen reader and magnifiers). In section 2.3 a short description of each criterion identified is provided for the reader's convenience. The goal of this article is to assess the impact of the criteria identified in our previous work (Leporini & Paternò, 2004) on end users. In particular, we discuss the possible effects of the identified criteria by reporting the results of two tests carried out with 40 visually impaired users for an empirical validation of such criteria. Thus, we analyse the benefits obtained by visually impaired people when navigating Web sites designed applying the identified usability criteria. We also present the results obtained by a questionnaire proposed to the users, regarding the qualitative aspects of navigation.
Usability testing provides an evaluator with direct information regarding the way people use applications and the problems they encounter when they use the tested interface. In our case, the two tests were conducted on blind and visionimpaired people who navigate through a screen reader. They were performed using two Web sites, and for each test the participants were assigned seven tasks. For each Web site two versions were developed: one by applying the test criteria (Implemented site) and the other without considering the criteria (Control site). The testing procedure adopted was the same for both tests and was based on two remote evaluation techniques (client-side automatic logging complemented with a remote questionnaire). Our tests revealed that when our criteria are applied, Web navigability is improved in terms of time spent looking for information or performing a task. Such empirical results provide interesting feedback on the impact of the application of the selected criteria on final users.
BACKGROUND

Navigating Through Assistive Technology: Visual Perception Versus Screen Reader Interaction
Most blind people use screen readers with voice synthesizers rather than Braille displays for various reasons-among others is the difficulty of reading Braille for people who lost sight in an adult age. Although low-vision users can interact by means of magnifying programs or simply through the operating system or single application's "easy access" settings (e.g., dynamic font resizing, color enhancement, etc.). By using all these assistive technologies, the perception of the Web pages differs greatly from the usual navigation without special devices. In previous work (Leporini, 2003; Leporini & Paternò, 2004) , we examined how visually impaired users interact with a computer and how they perceive the content rendered. For the reader's convenience we have included a summary of the main issues.
Screen readers convert vocally all the information in the Web page through a linear scan from top to bottom and from left to right. They also provide some support in accessing specific elements on the Web pages. Thus, a certain expertise in screen readers and browser commands is useful; orientating oneself to the page content can require considerable effort. Blind users usually do not use the mouse functions (i.e., pointing, scrolling, selecting, etc.) for moving around the page. They prefer moving by means of keyboard commands, such as the Tab key, arrow keys, and so on. Indeed, through specific screen reader commands mouse functionalities can be completely emulated by keyboard access, which allows moving the mouse pointer without having to use a physical mouse. For example, with the Jaws (2005) screen reader, the mouse pointer-called the Jaws cursor-can be controlled by the number-pad keys. In particular, the Jaws cursor (i.e., mouse emulator) is used for exploring the user interface (UI) or for reaching all those UI components that cannot receive the focus, such as toolbars or interactive elements, and can be activated only by a mouse click. However, a UI with some interactive elements that cannot be activated through the keyboard (or that cannot gain the focus) is not usable. In fact, although the mouse can be emulated through the keyboard, all such movements require a great deal of effort by a blind user. Thus, developers should take into account all these considerations and build UIs that are fully accessible through the keyboard.
Even when Web sites apply accessibility recommendations, users can still encounter navigational problems. This is partly because Web pages are increasingly designed for parallel or nonserial navigation, offering a variety of options within one page (frames, tables, drop-down menus, etc). Complex Web pages can cause problems for users who are navigating the site using assistive technologies, which force them to follow a serial route, for example, a screen reader reading out each hypertext link on a page one by one.
Our approach is aimed at focusing on the main difficulties encountered by the visually impaired when they interact with Web sites through some assistive technology. Then, starting with the main navigational problems for the blind and lowvision users, we investigated a possible solution by identifying several general design principles. In brief, the main problems for a blind person navigating through screen reader or magnifier are the following:
• Lack of page context: Users may lose the overall context of the current page when navigating through screen reader/magnifier, because they can read only small portions of texts. For example, the blind user who is skipping from link to link with the Tab key will read the link text on the braille display or will hear it from the synthesizer (e.g., ".pdf," "more details," etc.). However, the user will not be able to know what is written before and after. • Information overload because of excessive sequential reading: The static portions of the page (links, frames with banners, etc.) may overload the reading process through a screen reader, because the user has to read everything almost every time, significantly increasing the navigation time. Thus, it is important to introduce mechanisms to facilitate the identification of precise parts within the page. At the top of the result pages generated by a search engine, for example, the user usually finds several links, advertisements, search fields, buttons, and so on, that the user should be able to skip to go directly to the search results listed below.
Although the Internet is a precious source of information and offers great availability of services, these drawbacks can discourage blind and visually impaired users from accessing online services.
As the previously mentioned screen reader Jaws for Windows is the most frequently used by blind people, we consider it here. Jaws supports quick access to the information in a logical format and provides further information about the structure and organization of Web pages. Hence, tables, lists, headings, and so forth, are all listed vocally. Users can navigate within Web pages via the Virtual Cursor, read Web pages using standard screen reader commands, tab through links and easily follow them, display lists of links or headings to quickly find and move to what they need, and easily move to and fill out Web-based forms. For instance, by pressing a letter the focus moves directly to tables, headings, or lists.
To sum up, as already discussed in previous work (Leporini & Paternò, 2004) , the main issues in UI design for vision-impaired users to consider are the following:
1. Page content serialization. General speaking, the screen reader takes the page source and serializes its content (link, edit field, button, cell, etc.), including frames or blocks <div>, without taking into account specific positions assigned by CSS properties. Basically, the screen reader interprets the code as it was written and arranges the page content in the form of a single column. 2. Navigation by Tab key and special commands. A blind user usually prefers to visit the page link by link (by Tab key) or using special commands in order to move quickly around the pages. Hence, it is important to support keyboard navigation by assigning a scale of importance to the links, applying shortcuts to main elements, using specific tags such as <Hn>, and so on. Furthermore, many special screen reader commands operate well only if the developer has applied specific tags or attributes, or appropriate criteria have been followed. 3. The information conveyed through visual layouts differs from that afforded by aural perception. Often when developers design a Web page they provide some useful information by means of visual features, such as position, color, separating blank spaces, formatting features, and so forth. For instance, some secondary information is put on the side so that users can recognize it immediately. It is important to provide the same "message" to a blind user by another means (e.g., using a table, a heading, a hidden label, etc.).
Considering all of these issues, as well as the accessibility and usability difficulties resulting from the screen reader, the identified criteria attempt to structure and organize the content and UI elements to allow for better interaction through assistive technology.
Related Work
In addressing accessibility and usability issues, two kinds of approaches can be considered: One takes into account possible methodologies able to make interfaces for all users, which can also interact well with particular devices used by special users; another one is oriented to building "dedicated" interface versions for specific target users. The research community has shown interest in both approaches. Our investigation follows the first approach and aims to identify possible solutions to make Web user interfaces more accessible and usable for all, including users who are forced to interact by some special devices (e.g., screen reader). Generally speaking, the first type of approach calls for well-defined criteria and guidelines in order to assist designers. Regarding Web interfaces, up to now usability and accessibility guidelines have usually been proposed separately, whereas we intend to consider an integrated approach. Several detailed user interface guidelines were formulated for general user interfaces (e.g., Mayhew, 1992; Smith & Mosier, 1986) . Nicolle et al., (2001) proposed a potential set of guidelines more specific for HCI inclusion. Most accessibility issues are currently considered by W3C in the WAI. In the WAI activities, a set of specific guidelines and recommendations has been defined: Web Content Accessibility Guidelines 1.0 (http://www.w3c.org/wai). Currently, a new version (2.0) of the Web Content Accessibility Guidelines as a Recommendation is in progress (http://www.w3.org/WAI/GL/WCAG20/). In order to support developers in checking accessibility guidelines a number of semiautomatic tools have been proposed. Examples of such approaches are the Bobby on-line service and the method proposed by Abascal et al. (2003) .
Recently, various international projects have addressed issues related to accessibility or usability of interfaces for users with special needs. Stephanidis's group developed methods and tools for unified user interfaces (Stephanidis, Akoumianakis, Sfyrakis, & Waern, 1998) . A Unified Web Browser was developed as part of the project AVANTI: It employs adaptability and adaptivity techniques to provide accessibility and high-quality interaction for users with different abilities and needs (e.g., blind users or those with other disabilities). Even if this aspect is related to our research (in fact, some checkpoints are similar), the AVANTI browser mainly focused on accessibility and not usability of Web sites accessed by people using screen readers. On the other hand, our intention is to improve Web navigation by applying Web page design criteria, so that people can use a normal browser.
Regarding problems deriving from the visual layout perceived through special devices for the visually impaired, Donker, Klante, and Gorny (2002) proposed a method to obtain an aural-based description that has the highest possibility of providing communication effects similar to those of the visual user interface. The approach introduced in Donker et al. aimed to provide an access not only to page content but also to other important information provided by the Web page layout. To overcome the layout barrier, the authors concentrated on the possibilities provided through auditory interaction to represent the Web page layout and to support the user navigation. The auditory user interface was tested by involving seven blind users and did not produce excellent results. It revealed that the blind users were not able to process their tasks more effectively and more efficiently with the proposed system compared to their presently used screen reader. Our approach takes into account the difference existing between the visual and the screen reader-mediated perception but is not aimed at providing specifically aural representation of all the aspects of the visual layout (such as position or dimension). Rather, our method provides the same type of information given through visual layout (position, color, white spaces, etc.) by using other techniques (e.g., hidden labels, heading levels, etc.).
Brewster's group at Glasgow University has been working in the Multimodal visualization for blind people project (http://www.dcs.gla.ac.uk/∼lorna/ home.html). The Multivis project has the purpose to build up "visualization" systems allowing people with visual problems to get access to complex information (tables, graphics, structured information, etc.) by means of different representation modes, in addition to the classic visualization technique. The goal is to investigate and solve this issue by allowing the users to "feel" and "touch" the visualized data. The research leverages previous work about earcons, audio 3D, and haptics. Sound was specifically used to aid problems with buttons, scrollbars, menus, progress bars selecting text and files, and so on (Brewster, 1998) . Nonspeech sounds have been used to improve the usability of a graphics package. We think that receiving sounds associated with particular objects, events, or task performance states is useful for blind users. Thus, in our work we have also considered nonspeech audio in Web site design to facilitate the navigation. In particular, we propose to provide different sounds corresponding to diverse events (e.g., differentiating kinds of links through various sounds). Goble, Harper, and Stevens (2000) proposed the use of the model of real-world travel to classify aspects in Web sites that are important for usability and accessibility. However, although that study addresses important issues arising from perception of a visual layout in a different manner, they did not provide design guidelines that can be helpful for site and page developers. Lee and Hanson (2003) and Hanson et al. (2005) developed tools that allow enhancing Web browsers capability to support a number of interaction techniques, which make user navigation more accessible and usable. This is a useful contribution. However, many users still access through traditional Web browsers and, conse-quently, there is a need for providing designers and evaluators with guidelines and methods that help them to understand whether the considered sites are accessible and usable. In this direction, Takagi, Asakawa, Fukuda, and Maeda (2004) proposed a new method, "Blind Usability Visualization." This method aims to enable Web designers to recognize their pages' usability "at a glance," including the time-oriented aspects. It also aids then to assess the usability for blind users. This method represents the time it takes users to reach each part of a page by using background "colors" associated with the time necessary to get from the top to each part of the page.
Regarding the usability of Web sites for users with disabilities, Barnicle (2000) reported on a preliminary testing of the usability of graphic UI applications through screen readers, which revealed many issues. This highlights the need for specific accessibility and usability design criteria, which need to be validated to assess their effectiveness. Even if Mankoff, Fait, and Tran (2005) stated that working with sighted persons with a good expertise in computing and using a screen reader is one of the most effective methods for testing accessibility problems, we believe that people who usually interact through a screen reader can point out usability problems that cannot be revealed by a person who has no experience with screen readers. Theofanos and Redish (2003) reported on another study about the usability of Web site navigation through screen readers performed by involving blind users. In particular, this work addresses accessibility supported through the 508 standard. A user testing experiment conducted with 16 blind users showed the lack of support of usability criteria according to the 508 standard guidelines. Based on the empirical evaluation, 32 guidelines were suggested, aimed to improve usability for blind users. Some of these guidelines concern Web site development, whereas others concern screen reader developers. As a result, an unstructured and unorganized list of guidelines was proposed. Our set of guidelines is different in various respects, and here we report on its empirical validation.
In general there is a substantial body of research on Web design for individuals with visual impairments. Although this research may not all focus on design guidelines, the reader interested in related topics can find other useful sources of information in the proceedings of specialised conferences (such as ASSETS).
Web Usability Criteria for Vision-Impaired Users
To improve the navigability through screen readers and to make Web sites more accessible and usable for a specific group of disabled users-vision-impaired people-we have identified a set of criteria (Leporini & Paternò, 2004) . The identification of such criteria was made by gathering empirical feedback from visionimpaired users in operating with screen readers, by which potential issues were identified. Subsequently, a systematic method was developed on the basis of the analysis of potential solutions, resulting in a classification of the criteria according to usability aspects. In practice, starting with accessibility guidelines and usability principles, possible combinations of them were identified and empirically tested by some vision-impaired end users (including one of the authors, who is blind; Leporini, 2003) and by developers in applying them to some existing public administration Web sites (Leporini & Paternò, 2004) .
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Our criteria do not represent the only attempt to provide a practical solution to accessibility and usability problems. Indeed, Theofanos and Redish (2003) proposed 32 guidelines for accessibility and usability when navigating through a screen reader. Although these guidelines are similar to ours in that they address navigational difficulties for blind people, they are formulated for specific case studies. They are mainly focused on how text parts (e.g., sentences or text included in forms) or specific elements (e.g., links) should be written, whereas our criteria are more general principles for designers by which specific cases can be obtained. Moreover, our criteria aim to consider navigation issues not only through a screen reader but also by a magnifier program. On the other hand, Fukuda, Saito, Takagi, and Asakawa (2005) proposed possible metrics to evaluate accessibility in usability terms. Those metrics are classified according to two main aspects: navigability-which evaluates how well structured the Web content isand listenability-which denotes how appropriate the alternative texts are. If compared to our criteria, the guidelines briefly described in Fukuda et al. focus only on the time required to read a page (navigability) and the suitability of the text used for alternative descriptions or the presence of repeated text (listenability). Even if some of our criteria may be similar to the features considered by Fukuda et al., our aim is to suggest a general set of criteria that developers should apply when designing Web pages by addressing a wider range of situations (e.g., logical partition of elements, specific sections, etc.).
Each criterion can include one or more checkpoints. Checkpoints are technical solutions that allow the application/evaluation of our criteria and usually correspond to specific implementation constructs that guarantee the satisfaction of the associated criterion. In fact, usually several solutions can be adopted. For example, the page content could be structured by using frames, or blocks <div> customizable by css properties. Alternatively, the page content could be visualized by embedding it in layout or data tables. An example application of such criteria is described in section 3.4.
In a first phase (Leporini & Paternò, 2004) , the identified 19 criteria were grouped into three subsets: effectiveness, efficiency, and satisfaction. Then, we reorganized them into a more accurate logical structure, obtaining 15 criteria grouped into four categories according to structure and arrangement, content appropriateness, multimodal output, and consistency issues. Many criteria visually affect the Web interface (e.g., colored areas or element magnifications), whereas others are exploited by the screen reader (e.g., hidden labels or names of frames). The criteria are reported next and labeled with the letter S if they refer specifically to screen reader navigation, with the letter M if they are linked only to magnifying features, and with the letter G if they refer both to screen readers and magnifiers (general use).
Structure and Arrangement
This set of criteria is aimed at organizing and structuring the user interface elements and the page content to make the navigation easier. The main difficulties that should be solved through these criteria are the user's orientation and the ability to obtain a page overview. The criteria of this set follow.
Logical partition of interface elements (1.1) (G).
This criterion aims to group information, links, fields, and so on, in logical categories to help users reading a page through screen readers to locate the essential parts. Moreover, some screen readers allow skipping from section to section. This can be obtained by using markers, frames, or headings to group texts, links, forms, and so on, according to a logical division. In addition, to more easily reach some specific content in the page (or in the site) developers can insert local navigation links referring to bookmarks within the scope of the page (e.g., "skip to content," "go to top," "go to navigation bar," etc.). We also suggest adding a local index, such as local page links, in pages containing information of different kinds (paragraphs, news, etc.) to navigate more efficiently among the page sections.
Number of links and frames (1.2) (S).
It is important that a page does not contain too many links or frames, as this makes it difficult for the user to skim through them. Too many links take a long time for readers to get through; too few links may imply too many levels in the Web pages' hierarchy structure. The suitable number of links depends on the page role in the corresponding site.
Specific sections (1.3) (G).
Web pages should allow users to quickly identify specific site sections. Pages should have clearly marked the navigation bar, menu or submenu, main content, last updates, and so on. The navigation bar (i.e., the links appearing on each page and enabling users to reach the main parts of the site) represents a source of delay and inefficiency for screen reader users. Because such links appear on each page (and often even twice), the users who are forced to read the content in an almost sequential way are always compelled to access them before identifying the page contents. Therefore, well structuring and highlighting the navigation bar at the top and/or the bottom of the page, if any, can be useful to make it more understandable to vision-impaired users and can increase their navigation efficiency.
In sites with frequent information updates and/or new resources to download, we can help the user find the new elements more rapidly by providing a specific section listing the new elements by date, thereby sparing the user the trouble of useless navigation. Furthermore, a specific page listing all shortkeys associated to the most important links of the Web site should be considered. With respect to the criterion 1.1, here we refer to the fact that certain precise sections should be available on the Web site (e.g., last updates section).
Importance levels of elements (1.4) (S).
To facilitate navigation, especially when using the keyboard, it is possible to assign different importance values to interaction elements such as links, buttons, and fields. Thus, when users move through the Tab key (element by element), they visit at first the most important, and later the less important, regardless of their location on the page.
Proper form layout (1.5) (S).
In forms with several groups of input data, we must properly lay out group titles and fields to achieve a major clearness. In fact, the way the elements are formatted can cause confusion with the screen reader.
For example, in some cases the voice synthesizer or Braille display could read before the "checkbox," "combobox," or "field" item, and after its value, or vice versa. Thus, a correct application of layout elements (e.g., simply by using the label tag in the proper place) is recommended.
Assignment of shortcuts (1.6) (S).
It is advisable to assign shortcuts to access the most important buttons, links, and fields so that the user is able to reach them quickly through a simple key combination. This feature may be useful especially when users visit the Web site frequently and learn the key combinations by heart.
Content Appropriateness
When perceiving content through a screen reader, especially by using a vocal output, making the content clear and auto-explicative is very important. In fact, the global overview is loss, and usually a blind user moves through the Tab key or screen reader special commands to navigate quickly. This means that the user reads the content quickly and jumps from link to link, from table to table, and so on. For this reason, it is important to provide an appropriate content for textual and graphical links, for table summary, for pictures and images, paying particular attention to those with a functional purpose rather than a decorative scope. The following criteria are included in this group.
Proper link content (2.1) (S).
The link labels are important for special users who use screen readers and keyboard commands. Thus, the links should be clear and context independent and not have general texts such as "more details," "download," and ".pdf." We must warn the designer that such texts can lower the site's usability for blind users, because they are ambiguous or not informative enough. In addition, the link content should not start with the same letter or symbolsuch as links starting with the words link to … or the character [, -because this reduces the effectiveness of the navigation by the initial letter when the list of available links is opened using a specific screen reader command (Insert+F7).
Proper name for frames, tables, and images (2.2) (S).
It is important to check that all frames, tables, and images have names and descriptions that are appropriate and meaningful; for example, frames with names such as "top" are not very helpful to the blind user. On the other hand, names such as "index" can make it easier for users to reach their goals. Similar considerations apply to text summaries of tables and to alternative description for images and graphics. Descriptions such as "This table is used for a layout purpose …" are not particularly useful, because its reading aloud by the voice synthesizer risks to be tedious.
Multimodal Output
The goal of the criteria belonging to this set is to provide blind or low-vision users with several kinds of feedback. Using different colors, changing colors or dimension for focusing the current content, adding different sounds can help the visually impaired user. In fact, particular visual or sound cues can represent good feedbacks for user's orientation.
Messages and dynamic data management (3.1) (S).
A significant difficulty often encountered with screen readers is poorly designed system feedback. This may be confirmation or error messages about operation commands or information requests, which are not presented in a manner that can be rapidly interpreted by screen readers (e.g., messages in the middle of the page or among a lot of other information), or they are often so "short" that they are easy to miss. This principle suggests paying attention to this aspect by applying certain features to facilitate identification of new messages or data.
Loading suitable style sheets (3.2) (G).
Browsers can load specific sheets for different output devices. This style sheet feature allows specifying how a document should be presented on different media, such as screen, paper, speech synthesizer, Braille device, and so on.
Addition of short sounds (3.3) (S).
Associating a short sound with different elements can provide useful feedback. For example, providing each page with a short sound indicating when the loading of the page is completed eliminates the need for the user to repeatedly check the status bar. text and background (3.4) (M) . For low-vision people it is advisable to avoid color combinations that provide poor contrast. Furthermore, changing colors in correspondence to some events or particular areas can be a way to get attention.
Color of
Magnification at mouse hovering (3.5) (M).
The use of this feature can help people with a good visual residue to better focus on the object beneath the cursor. The idea is to enlarge interactive elements such as the navigation bar and buttons but not all the text, because it would be confusing.
Consistency
Keeping the content and layout consistency across Web pages is in general important for the user. This is particularly significant for visually impaired users because they rely on consistent features. (4.1) (G) . Consistency is a usability feature that allows users to better understand the context and the available functions. It is important that all the pages of the whole Web site adopt the same labels for buttons performing the same tasks (e.g., OK/Yes, Quit/Exit) and that all pages have the same layout (e.g., dimension, form, and color).
Layout and terminological consistency
Page information (4.2) (S).
Defining the beginning and end of the page by adding useful information can make the navigation more pleasant. For instance, the title of the page, which is read as the first line, could contain not only the Web page title but also additional indication such as the current path in the Web site. The last line of the page could contain information that allows users to understand that they have reached the last line.
THE USER TESTS
Overview
Too evaluate the impact of our identified criteria on Web navigation by visually impaired users, we conducted two separate tests. Two Web sites were developed and two groups of end users (visually impaired) were recruited to evaluate them. A remote user testing had been conducted to collect all data. In each test users were asked to perform seven tasks indicated by a "Wizard-based method" (see section 3.5).
The same protocol-better described later-was used for both tests. More detail about how the experiments were performed is provided in the following sections.
Method
Participants
For each Web site a specific test was carried out: Test A , with a first group of 20 users (10 blind and 10 low vision), and Test B , with a second group composed of 20 users as well (14 blind and 6 low vision). We use Group A and Group B to refer to the user group involved, respectively, in Test A and Test B . All users needed navigate supported by a screen reader. In particular, the low-vision users included in our experiment, although able to use some visual features to orientate within the page (e.g., color changing), relied substantially on a screen reader to operate because of their serious visual deficit.
The user age varied from 25 to 68 years. All participants had been using Windows 98/ME/XP and Jaws (as screen reading application) for at least 1 year at the moment of testing, and most of them learned to use the computer through screen reader by attending targeted courses given by the Association for the Blind. According to the questionnaires, 70% of the users used Windows application on a regular basis, and only 20% could be defined navigation experts. About half of the people used to navigate Web sites daily, and the other half at least 2 days per week.
Experimental Protocol
Not all the users knew the more advanced screen reader commands and functionalities (e.g., commands for listing available links, all heading levels in the page, skipping table by table or heading by heading, etc. ). For this reason, the experimental protocol was divided into two phases.
Preliminary phase: Participants were provided with a list summarizing the most important Jaws commands and were allowed to explore both Web site versions (with and without our criteria) for 1 week before the testing. Users were asked to navigate the two Web sites and to fill in and send forms at least three times. Testing phase: Our testing procedure was based on remote evaluation, which is the evaluation performed when evaluators and users are separated in time and/or space. Remote evaluation allows designers to analyse the performance of users who interact with applications in their familiar environment. An unfavorable aspect found in our remote evaluation method regards the setting of the client-side environment required for the testing. In fact, the browser logging tool requires that the Java VM be installed. We noticed that some users had difficulties in downloading and installing the Java plug-in.
Two remote evaluation techniques were included in the procedure: client-side automatic logging and remote questionnaire.
• The task-based logged session was subdivided into two parts, one conducted on the "control site" (Session (c) ) and one on the "implemented site" (Session (i) ). The two tests were performed online, so that users were able to connect to them from their own computers. Users' interactions were automatically collected during the test. Half of the users were asked to start from Session (c) and the other half from Session (i) . • The remote questionnaire aimed to evaluate qualitative aspects of Web site usability, such as user satisfaction or enjoyment. In order to not influence the users, we decided to submit the questionnaire just after the two tests had been carried out: When users finished the two tests, they received a document containing the 18 questions by e-mail.
The two different techniques allowed us to collect two kinds of data:
(a) objective-time spent by users performing assigned tasks, and (b) subjective-users' preferences, opinions, and suggestions.
The experimental protocol was designed to avoid two kinds of bias:
• Bias of ability: Discrepancies in navigation abilities within users, associated to a different degree of individual training, could affect the result of the test. The preliminary phase allowed the participants to start the testing procedure with similar basic skills especially regarding knowledge of Jaws commands. • Bias of familiarity: Extra navigation familiarity gained by users during the first test could influence the results of the subsequent test (e.g., users could become quicker in performing tasks during the second test). Preliminary navigation on both Web site versions reduced the surplus of experience possibly gained during the first test. Furthermore, the reversed order of test performance in half of the participants (Session (c) -Session (i) / Session (i) -Session (c) ) contributed to smooth the effect of possible residual bias of familiarity. In any case, although the tasks assigned for the two tests belong to the same typology (e.g., searching for an information, downloading a file or document, etc.), they are different: For example, the task is "searching for" but the argument differs from Session (c) to Session (i) .
Logging Tool
An automatic logging tool was used to record the time spent by users carrying out the assigned tasks. Our tool is an adaptation of the logging tool that was developed for the WebRemUsine tool (Paganelli & Paternò, 2003) . The main interaction activities performed by each user during the testing procedure were captured and logged.
The tool included Javascript functions, Java applet, and Java servlet. The tool component in Javascript was able to detect all user interactions with the browser (client side). Then, all the events detected were passed to a Java applet (client side). The applet allowed gathering all the interactions provided by the Javascript component. At the end of the testing procedure, the applet sent all data to a servlet that stored the logs file (server side).
Such log files contained a wide variety of user actions (such as mouse clicks, text typing, and link selections) as well as browsing behavior, such as page loading start and end. In particular, the tool logged the time when a specific interaction was performed. Time was expressed in milliseconds and then converted into seconds. During the testing procedure, users had to click on the Next Task link when they switched to the following task.
The Questionnaire
After the end of both tests, participants were asked to fill in a questionnaire of 18 questions. Such questionnaires allowed collecting information about the operating system and the assistive technologies used by the participants, and to obtain other qualitative data not obtainable by the logging tool. Subjective information was also considered. For example, users could express opinions and ideas about the usefulness of sounds, shortcuts, and so on. In addition, a section was specifically designed for low-vision users to register opinions on color contrast and link magnification. Indications about the level of difficulty of each task were also considered. Last, suggestions and comments were elicited.
The Test Web Sites
For our tests, we considered two Web sites. The first one, containing specific information about the "The Tuscan Association for the Blind" (Unione Italiana Ciechi-Regione Toscana), was chosen with the intent of providing blind people with a comfortable situation with familiar information, thus reducing navigation difficulties. The second Web site contained information about a publishing house. We decided to use two Web sites in applying the identified criteria to different sites with different visual layouts. Because each criterion can be applied by various checkpoints, we used different Web sites to consider diverse cases. More precisely, in the first site a horizontal navigation bar and a vertical side menu were used, whereas in the second one two vertical side menus were used for the layout (i.e., by using a layout with three columns). Thus, the two Web sites allow us to better evaluate the various modalities of criteria application through the selection of different checkpoints.
In both cases, we created two versions of the same Web site: One version was implemented according to the 15 criteria, and for this reason it is referred to as the "implemented site," whereas the other version, without criteria, was used as control in our testing protocol ("control site"). In both cases, both versions were technically accessible for vision-impaired users. This means that all the technical accessibility barriers were removed from the pages (i.e., all tags and attributes required by accessibility guidelines were applied). Thus, assistive technologies were able to work with the Web pages. For instance, all images or graphical links had the needed attribute alt with a certain description (e.g., alt="link1," "figure," etc.). Nevertheless the user could still encounter difficulties in orientating within the page content.
The time required for performing the same kind of tasks in both cases was recorded. Group A users performed seven tasks on the control Web site (Site A (c) ) and on the implemented version (Site A (i) ); Group B users carried out other seven tasks on the control and the implemented Web site (Site B (c) and Site B (i) ).
The Web Site for Test A
The Web site had three main sections: "News," "Documents&Download," and "Organization." Each section was reachable from each page and was composed of a variable number of subsections. The general layout of the page included (an example is shown in Figure 1 ):
• A horizontal navigation bar at the top. • A vertical submenu or local index at the left.
• The current page content at the right (it is the largest area).
• Navigation links ("Go back," "Go to navigation bar," etc.) at the bottom.
The Web site is aimed at collecting several information and services that can be useful especially for blind and low-vision people as well as for all those who like to get information on vision issues. Thus, the Web site provides information such as a periodical bulletin with several news, download sections containing various documents and local and external files (e.g., utilities, screen readers demo versions, etc.), some catalogues regarding works available in braille format, some information related to the structure and organization of the association, and so on. All these data are organized in several sections, which can be accessed through the navigation bar.
The Web Site for Test B
When the second test was performed, a Web site related to a publishing house was considered: "Equilibri editore." This Web site provides general information on the books printed, their authors, and so on. Books are listed by titles and authors and are arranged also by category. Biographical information on the authors who publish for the publishing house as well as several interviews are available. A News section about forthcoming books is published on the Web site as well.
Links pointing to all the specific sections (e.g., titles, authors, categories, etc.) are arranged in two side menus: On the left, links to book search sections (by title, authors, category) are available; on the top-right of the page, more general links (such as About Us) are listed in the vertical menu. Figure 2 shows the home page of the Equilibri publishing house; the layout of the page contains the following:
• A left-side vertical menu, that is, the links pointing to the sections related to the books (titles, authors, etc.). • A right-side vertical menu, composed of general links (About Us, Where We Are, etc.). • A main central page section containing the information related to the current page.
Div blocks and CSS properties were used for implementing the visual layout; in this way, the left and right side-menu are interpreted sequentially by the screen reader. Figure 3 shows an excerpt of the implementation and how it is rendered by the screen reader. Link skip to content <p class="invisibile"><a href="#dove">Skip to content</a></p> . . . Graphic Equilibri editore-home page <img src="img/logo01.gif" alt="Equilibri editore -home page"/> Heading level 1 Navigation bar: <h1 class="invisibile"> Navigation bar: </h1> <div id="navigazione"> List of 4 items <ul> • Link Titles alt+t <li> <a href="titoli.html"accesskey="t">Titles 
Applied Criteria
As already mentioned, two versions were developed of each Web site: One was developed without applying the usability criteria, whereas the other was built by following the criteria to be tested. Application of the criteria to one of the two versions of the test Web sites involved the aspects summarized next according to the four groups.
Structure and Arrangement
• Logical partition. Heading levels were often used to structure the information in a logical way, but in some cases hidden labels or tables with summary values were also applied. For instance, navigation bar and submenu were marked with appropriate labels (e.g., "navigation bar:" and "submenu:"). Then, in pages containing various file information and links related to downloadable manuals or programs, each data group was placed in a specific table with group names as summary attributes. • Number of links and frames. The Web sites were built with a limited number of links per page and without frames. • Location of the navigation bar. In the first prototype, Site A (i) , both navigation bar (at the top of the page) and a submenu (at the left size of the page) were included together with hidden labels "navigation bar" and "submenu" to mark bar and menu beginning. In the Site B (i) the "navigation bar" hidden label was added before the side menus. In addition, the vertical menus belonging to both Web sites were built by including item links in a bullet list: In this way users were able to identify its structure more quickly (e.g., by pressing the "l" key when interacting through the screen reader).
• Specific sections. In the first Web site, "Last updates" and "Key list" sections were added. The "Last updates" section was reachable from the home page, whereas the "Key list" page could be found in the navigation bar of each page.In the second one, no specific page containing the shortcut list was added to the site. • Content indexing. In the two sites, two types of content page indexes were applied: (a) a list of local links was added when a page contained several blocks of information, and (b) a drop-down menu was added when a page contained many blocks of information identifiable by characters from A to Z (e.g., a list of song titles). A similar solution was applied to the page created for collecting a set of documents organized by date. In this case, the index was built by assigning a specific menu item to each group of documents belonging to the same year. In short, the first type of index was used when only a few links were necessary to build the local index, whereas the second type was applied when a high number of links was needed. • Different visiting order of elements (importance levels of page elements and keyboard shortcuts). In each page, except for the home page, the lowest visit order value was assigned to navigation bar links (i.e., the highest tabindex value), whereas greater priority was assigned to the submenu and other links. In this way users could first visit links associated to submenu/more recent information and afterward go to navigation bar links. Navigation bar/link shortcuts were also associated to navigation links. For instance, in both Sites A,B (i) , Alt+h was used to go to the home page. • Navigation links. Links such as "skip to content," "go to top of page," "go to navigation bar," "go to submenu," and "go back" were added to each page to facilitate the navigation. Furthermore, the two links "go to navigation bar" and "go to submenu" were made "invisible," as they are useful only for navigation through screen reader or keyboard. • Proper form layout. A specific page, built by using appropriate tags, contained a form to fill and send for obtaining information, make suggestions, and so on.CSS properties (and not tables) were used to render the set of pairs <label, edit field>.
Content Appropriateness
• Proper link content. For textual links, "title" attributes were used when link labels were not appropriate by themselves; in the other cases, graphical and textual links were used together. For instance, a graphical link with an appropriate icon was combined with an appropriate text to obtain a download link: the word download was assigned to "alt" attribute to graphical link, and the name of the file to be downloaded was used as label of the link. In this way, the visual link is represented by a symbolic icon close to the name of the downloadable program (e.g., Download Acrobat Reader 5.1). In particular, in the left and right menu links available in Site B , graphical links were used. In the control version of Site B , an alternative text such as Link1, Link2, and so on, were assigned to graphical links "Titles," "Authors," and so on. Consequently, those contents were not significant, but the page was still technically accessible (i.e., the screen reader was able to capture the alternative descriptions). Then, in the implemented version, a more significant text was assigned (i.e., Titles, Authors, etc.). • Proper name for frames, tables, and images. In the Web sites, style sheet properties were mainly used for organizing the content in the page. In the Site A (i) tables were used only to render data about download file information (e.g., programs, manuals, documents, etc.). A table was used to group set of files belonging to the same category to obtain a table for each category. In this way, the "summary" content could be represented by the name of the category itself. By pressing the "t" key when interacting through the screen reader, it is easy to skip table by table, which means category by category.
Multimodal Output
• Messages and dynamic data management. A new page was used to provide information about the status of a form submitted. • Addition of sounds. Only in the first Web site, Site A (i) , different sounds were associated with the selection of different types of links (i.e., local, internal to the site, external to the site).
• Visual features (color of text and background, and magnifying at passing by mouse).
We used different colors for distinguishing navigation bar, submenus, and links currently pointed. In the first site, the navigation bar was arranged horizontally at the top of the page in a blue area; the submenu links were placed vertically at the left of the page and separated by the page content by a vertical black line. When the mouse was over the links, link size and color changed. Regarding the second Web site, vertical navigation menus are placed in an area having a background color (green), which differs from the prevailing section color (white).
Consistency
• Layout and terminological consistency. All links, buttons, and pages had the same features within all pages. In addition, all pages had the same template: Site A (i) has the navigation bar at the top, the left side submenu (when necessary), the standard size and color buttons, and so on; Site B (i) has a left-side and a right-side menu; a search field and a central main page section are applied. Furthermore, the terminology was maintained within the pages of both Web sites, such as "Homepage." • Additional information. Information on the pathway for reaching each page was indicated. In Site A (i) , the page path was included in the <title> tag, for example, for the program downloading page the title was "Home :: Documents&Download :: Program downloading." Instead, in the second site, the path was reported within the page, such as "you are in: Home : Title." However, a short indication about the current page was also inserted in the <title> tag (e.g., Equilibri editore ∼ Titoli). Furthermore, each page had the "last update information" on the last line. Figure 4 shows an example of Web site page used for the Test A : the navigation bar, submenu, and current link magnification are also displayed. It also contains a list of song titles in alphabetical order. The titles are grouped by letter, each of which is associated with a heading level <H3>. Figure 5 reports a portion of the heading list generated by a screen reader command applied to the page shown in Figure 4 . This means that blind users can go directly to the titles beginning with any given letter by accessing the headings through a specific screen reader command. Then, they can select the characters of interest (in this case "s"). For low-vision users, a drop-down menu has been inserted (on the left side), which allows character selection by mouse as well. This solution is preferable to creating a link for each character (as is often done), because the 26 links generated would make navigation more difficult for those interacting through a screen reader and Tab control.
Last, Figure 6 shows an excerpt of text generated by the screen reader that highlights some criteria that have been applied. The first row read by the screen reader corresponds to the <title> attribute, which contains the path to the page (e.g., News::Sounds Magazine::Alphabetical List), as well as the title of the page. Such a solution enables users to navigate more easily because the information is immediately read by the screen reader (or in any event, is rapidly found by the screen reader because it corresponds to the first row). The blind user can then check that the screen reader has identified the hidden labels ("navigation bar" and "submenu") used to identify the various components of the page.
As shown by our examples, when applying a criterion various technical solutions can be used. For instance, for partitioning the interface elements we mainly used a set of heading levels; in some cases tables or hidden labels were used for grouping the information in a different way. In any event, designers can apply the solutions they prefer, provided that they comply with the general principles expressed by the criterion.
Tasks
A Wizard procedure was used during the test. It consisted in providing users with a standardized indication of the next task to perform without constraining their behavior. A Wizard is a special form of user help that provides users with step-by-step instructions to complete clearly structured tasks (Marion, 2000) . This is done through dialogue with the user. In our experiment, the instructions were provided automatically through specific dialogue boxes, which helped users to carry out the test by indicating the successive task.
Participants were asked to carry out seven tasks per test. The tasks included common navigation operations, such as page opening, content reading, and information search. The participants were also required to download files, fill in a form, and so forth. Session (c) and Session (i) included the same types of tasks, which differed only in some minor aspects (e.g., the file to download, the information to find, etc.).
The following list of tasks were assigned to the users, in both session (c) and Session (i) in Test A :
1. Visit the bulletin page of Tuscany: This was a reading content page where the information was organized by using "heading levels." The user was asked to look for a specific piece of information. 2. Visit the Web page "Departments and Commissions": This page was a content reading page where "heading levels" were used to logically group the different pieces of information. A page index was composed of a small set of local links. The user was asked to find the name of the coordinator of the commission of a specific association. 3. Visit the alphabetically ordered list of "Sound Magazine": This page was a content reading, where both "heading levels" and an index combo-box were used to organize page information. The user had to search for a specific song title. 4. Downloading a document: This page was a content page containing a specific link for downloading an application form. The user had to search and download a specific application form.
FIGURE 5
List of heading levels generated by a screen reader command allowing users to jump to the lettered group. 
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Leporini and Paternò 7. Fill in a form: This was a Web page with a form to fill in for sending comments, suggestions, or questions. The users had to fill in the form and send it.
The following tasks were carried out by users during Test B :
1. Visit the page with books arranged by category: This was a content page in which the information was organized by using "heading levels" and local links to skip directly to a specific category. The user was asked to look for a specific piece of information (i.e., the price of a certain book of a given category). 2. Visit the Web page "Publisher Shops": This page was a simple content page in which heading levels were used to logically group the different pieces of information. The user was asked to find the address of a given shop of the publishing house. 3. Visit the alphabetically ordered list of authors who publish for the publishing house: This information was in a content page in which both heading levels and an index combo-box were used to organize page information. The user had to search for the number of authors having a name starting with a specific letter. 4. Read the biography of the author who wrote the third book available in the monthly book list: On the home page, in addition to the links pointing to main Web site sections, some general information and events were available, among which was the monthly list of best sellers. 5. Users were asked to search for the interview with the author of the book of the month. 6. Filling in a form: Users had to send a short message with some personal information (e.g., address, e-mail, etc.). 7. Searching within the Web site: Every page had a search edit box by which users could search within the Web site. Users were asked to perform a search for a specific book. Even if no specific task was assigned for each criterion, while navigating within the two Web sites, users could actually test all the applied criteria. For instance, "Location of the navigation bar" (or submenu) was tested in each Web page because two specific hidden labels were available, "Navigation bar:" and "Submenu:". Moreover, the criteria used to identify the main page content (i.e., the link "skip to content" or the heading level 1 applied to the title of the page, not to be confused with <title> tag content) could be "recognized" in each page when navigating freely or for carrying out the tasks. The same also occurred for other criteria such as "Page information" (e.g., path within the page title), "Addition of sounds" (e.g., differentiation of link types, or short sounds played at page loading), and so on.
While users performed the test, they were free to navigate as they pleased. A "Next task" button was available to start the following task when the user decided that the goal had been reached or decided to give up. The indication of the next task to accomplish appeared in a popup menu, which contained a "Continue the test" button to proceed with the test.
RESULTS
All data gathered through the testing procedure were analyzed to evaluate the overall improvement of the Web site after the application of our criteria. Such improvement was measured in terms of navigation time saved by users in accomplishing given tasks. Log files created by the logging tool used for capturing data were analyzed. Both time and task accomplishment data were available thanks to those files for each test session (see the Logging Tool section).
The difference between the time spent performing each task in Session (c) and Session (i) (performed, respectively, in "control site" and "implemented site") was used to verify if and to what extent the application of our criteria had improved navigability. So the time saved by users was taken as an indicator of Web site improvement. Moreover, the captured events stored in the log files pointed out that all tasks were practically accomplished by the users.
Statistical Analysis
The analysis was performed taking the users as the statistical unit and considering the navigation time (s) by (a) all users (n=40), (b) blind versus low-vision users (n BLIND =24; n LOW =16), and (c) Group A versus Group B (n A =n B =20).
The paired t test was used to compare dependent samples (control vs. implemented site and tasks), whereas the t test was used for independent samples (low vs. blind users). The alpha of .05 was selected as the level of significance.
We found a highly significant reduction of the time (s) required to complete all tasks in the implemented site (a) by all users (Figure 7; n=40) , paired t test, t(39)=7.15, p < .001, and (b) in the two groups (A and B) taken separately. Figure 8 shows the navigation times spent by the two groups A and B during the test. Both blind users (Figure 9 ) and low-vision users (Figure 9 ) saved a highly significant amount of time when navigating in the implemented site, paired t test, t(23)=5.23, p < .001 (n BLIND =24), t(15)=7.03, p < .001, (n LOW =16).
On average, blind users saved more time than vision-impaired ones (about 42% and 29%, respectively). However, the difference between blind and lowvision users, in terms of time saved, was not significant (n BLIND =24, n LOW =16), t(38)=1.25, ns. In fact, as mentioned in section 4.1, the low-vision users included in our testing relied substantially on a screen reader for operating because of their serious visual deficit. Some visual features were used just to orientate within the page, for instance, by color changing. The high range of variability observed in the time saved by blind users (Figure 10 ) may explain this result. The time saved is calculated as the difference between the time required to navigate the control site and the navigation time needed for the implemented site. 
LOW VISION USERS
We found that the time saved by the users varied significantly among the different tasks both in Group A (high significant, p < .01) and Group B (significant, p < .05), repeated measures analysis of variance: F(6)=6.40, p < .01 (n A =20), and F(6)=3.45, p < .05 (n B =20).
Qualitative Analysis
Subjective information was gathered through a questionnaire filled in by all users. In particular, users were asked to express their opinions about sounds, colors, magnifiers, and so on.
Of these users, 85% considered the sound added to page loading to be helpful. However, 60% would also like to associate different sounds to distinct types of links (internal, external, local) . All low-vision users found that the association of different colors to distinct areas helped spotting important sections in the page (e.g., area of application form, navigation bar, etc.). Color contrast was considered unhelpful by 60% of low-vision users, who suggested using the combination white text/dark background, instead of the one used in the test site (black text/ white background). About two thirds of all users used shortcuts and specific screen reader commands during the navigation.
Users were asked to write some remarks or differences observed between the two Web site versions. Almost all of the blind users judged particularly helpful (a) the application of headings to group information, (b) the usage of hidden labels for marking navigation bar and side submenu, and (c) the repartition of several files into various tables (one per category), obtained by using the "summary" attribute together with the name of each category. Low-vision users particularly appreciated magnification and color change of background/text when the mouse cursor hovered over links. 
IMPLEMENTED SITE: TIME SAVING
Some blind users suggested the application of different sounds to distinguish between failure and success (of a process) and to let the user know when they are writing in an edit box or when, in a field, there are no more characters to cancel using the Backspace key. Low-vision users suggested better highlighting the separation among information blocks to facilitate the identification of each block.
Discussion
Our results show that both blind and low-vision users benefited from the application of our criteria, saving on average around 37.29% of their navigation time (42.93% by Group A and 30.73% by Group B ). Time values showed that blind people saved more time than low-vision users (42.53% vs. 29.40%). Low-vision users can probably obtain some benefit from the use of magnifying programs even in the sites where our criteria are not applied. However, the difference in the time saved by low-vision and blind users is not statistically significant, as expected by the fact that our criteria are mainly targeted to screen reader navigation and the low-vision users involved in the experiment can be considered almost blind. So, the low-vision and blind users can be considered a homogenous group.
The wide range of time difference shown ( Figure 11 ) is possibly because of differences in task difficulty. Task 1 (34.73%) and 6 (32.45%) in Test A and Task 4 (9.30%) and 7 (3.43%) in Test B were the least influenced by our criteria, probably because the main criterion involved in these two tasks was the application of heading levels, which are not so crucial for low-vision users, unless the content of the page includes a high number of links and/or is overloaded by confusing information. All these tasks consisted of searching for information within the home page or a first-level page, which had few links and were not very long, thus making them relatively simple. Task2 A (i.e., looking for information in a long FIGURE 11 Difference of time required to perform each task in control and implemented sites by users of Group A (left) and Group B (right). page) turned out to be the most influenced by our criteria, probably because lowvision users could considerably reduce their navigation by using side submenus (e.g., local links or list boxes) to move quickly to a specific section of the page. In Test B , Tasks 1 and 3 (i.e., looking for information in a long page as well) benefited from the greatest savings: 55.86% and 49.14%, respectively. The criteria affecting mainly these tasks are "Proper link content" and "Logical partition elements." Especially in Site B (c) links had inappropriate content. In fact, the alternative descriptions for the graphical links "Titles," "Authors," "Categories," and so on, were meaningless (e.g., "Link1," "Link2," etc.). Such link content was accessiblethat is, recognizable by the screen reader-but not usable: Users had to open each linked page to find out whether it was the desired page. Because all links of Site B (i) had more appropriate content (e.g., Titles, Authors, Categories, etc.), we expected a significant time saving in performing tasks on the "implemented" site B because of clearer link contents. However, this was not the case, because users used a screen reader command for reading the link address before opening the page in site Site B (c) . Thus, because the links were associated with a "clear" path (e.g., http://…/authors.html), users were able to recognize the content of the corresponding page quite easily. In practice, users resorted to a certain "trick" to overcome the difficulties encountered in understanding link labels. Consequently the time saving is less significant, and sometimes it is even negative. From this experience, we learned that when considering a Web site for carrying out a test to evaluate the "proper link content" criterion, it is important not to give a self-explaining link address.
In conclusion, on average, the two tests revealed that the application of our criteria to the Web sites led to a significant time saving for all users and tasks.
CONCLUSIONS
In this article, we first introduce a set of usability criteria identified to improve Web navigation for vision-impaired people, and then we present the empirical results of a user testing designed to evaluate the concrete impact of such criteria on the Web interface. To this end, two testing were conducted by involving 40 visually impaired users. In practice, we report on an experiment we conducted to validate the utility of the 15 identified criteria.
The protocol used for the user testing, involving users with total/almost total visual deficit, based on remote evaluation techniques. Two versions of two Web sites were considered: a control version without criteria and an implemented version specially designed/modified by applying our usability criteria. A questionnaire was used to collect information on navigation quality from users. User testing and questionnaire results reveal that our usability criteria improved Web site navigability both in quantitative and qualitative terms, by reducing the navigation time of about 37% on average and by making the Web site more friendly to vision-impaired users. By analyzing the objective data (time required for each task) we can observe that there is a significant reduction in the time spent by users performing the assigned tasks. Furthermore, by subjective data collected through the questionnaires we observed that the navigation was more suitable and 46 Leporini and Paternò satisfactory in the Web sites including our criteria. So, combining the two kinds of information, we can conclude that when the criteria are applied to Web sites, the Web interaction of visually impaired users is influenced positively in terms of efficiency and satisfaction as well. Thus, the usability of Web sites is improved for this special category of users.
The guidelines tested with the two experiments conducted refer mainly to Web desktop interfaces. However, we believe that these criteria can be a good basis for identifying an appropriate set of accessibility and usability guidelines also for mobile navigation, and future work is planned to investigate this possibility. In any case, the criteria we identified can help developers to become aware of the main aspects affecting Web navigation for visually impaired users. A possible inconvenience could be related to the effort required of developers to work with guidelines: Applying or evaluating them could take long time. To this end, we are currently working on the development of a tool that should be able to automatically check whether the design criteria proposed are followed in the Web site considered to facilitate their application and support designers right from the development phase. The tool should also support multiple guidelines without requiring modifications in its internal implementation, including guidelines specified directly by the designer.
